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RADIONUCLIDE CONCENTRATIONS I N  RESERVOIRS, STREAMS AND 
DOMESTIC WATERS NEAR THE ROCKY FLATS INSTALLATION 

A study o f  the radionucl ide concentrations and d i s t r i bu t i on s  i n  surface 
waters and sediments of Great Western Reservoir  (and the streams feeding it), 
i n  Standley Lake, and i n  domestic tap waters from the c i t i e s  o f  Broomfield and 
Westminster was conducted between Ap r i l  29 and May 3, 1974 The r e s u l t s  o f  
t h i s  study show that 239-240Pu and 241Am concentrations i n  the waters and sedi- 
ments o f  Great Western Reservoir,  the streams feeding it, and i n  Standley Lake 
were above the fa1 l ou t  background Plutonium-239-240 and 241Am concentrations 
were below detection limits i n  Westminster tap water (<0.001 dpm/R), but 
Broomfield tap water contained measurable but minute quanti t i e s  o f  239-240Pu 
(0 0026 t 0 003) and 241Am (0 006 k 0 003 dpm/a) 
orders o f  magnitude below prev ious ly  reported values published by other inves- 
t i gator s  
times below the Concentration Guide f o r  239-240Pu i n  waters appl icable t o  expo- 
sure o f  the general publ ic  (3700 dpmla), and 13,380 times lower than the EPA 
National Primary Dr ink ing  Water Regulation o f  33 dpmla for  tota l  long- l ived 
alpha pa r t i c l e  a c t i v i t y  (exc lus ive  o f  radon and uranium) 
transuranic a c t i v i t y  should pose no health hazard to  area res idents  

These concentrations are 

The 239-240Pu concentration i n  Broomfield tap water i s  1 5 m i l l i o n  

Such low l eve l s  o f  

The concentrations of 239-240Pu i syrface sediments (top 5 cm) i n  Great 
Western Reservoir  ranged from 0 45 t o  16"4"$k&and averaged 7 8 dpm/g 3,) j+ i b  

The 241Am ranged from 0 17 to  3 75 dpm/g, and averaged 1 9 dpm/g The depth 
d i s t r i bu t i on  o f  both 239-2'+0Pu and 241Am i n  age-dated sediment cores (us ing)  

l3'Cs) from Great Western Reservoir  showed two periods of plutonium deposit ion 
Highest deposit ion corresponds to a deposit ion period o f  1968 t o  1969 
secondary maximum occurred between 1959 and 1964 Both maxima are thought t o  
be pr imari ly  associated with recorded control l ed  waterborne re1 eases from the 
plant but the secondary maximum w i l l  a l s o  have a component from worldwide 
weapons-testing f a l l o u t  

'otal inventor ies  o f  239-240Pu and 241Am i n  the sediments o f  Great Western 

The 

Reservoir  are estimated t o  be 244 mCi and 73 mCi, respect ive ly  Most of t h i s  
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a c t i v i t y  i s  located 111 the deep sediment deposits  a t  the eastern end o f  the 
reservo i r  

I n  Standley Lake, the 239-240Pu and 241Am concentrations averaged about 
Because of its greater 16 times lower than those i n  Great Western Reservo i r  

area, however, the estimated Standley Lake sediment inventor ies  of transuranics  
are a factor  o f  only four  l e s s  than those i n  Great Western Reservoir,  i e , 
61 mCi and 18 m C i ,  respect ive ly,of  239-240Pu and 241Am 

The 137Cs concentrations i n  Great Western Reservo i r  and Standley Lake 
sediments are typ ica l  o f  the fa l lout  background of 13’Cs observed i n  sediments 
from numerous waterways i n  the United States  

The natura l l y  occurr ing 226Ra i n  surface and domestic waters near the 
Rocky F l a t s  area represents a much greater r e l a t i v e  contr ibution t o  the pub l i c  
rad iat ion  exposure than do the traces of plutonium The measured a c t i v i t y  o f  
226Ra i s  100 t o  1000 times that  o f  239-240Pu, and i t s  MPC as  so luble  material 
i s  167 times l e s s  than 239Pu 
plutonium and passes through the water treatment p lants  more ef f ic ient ly  than 

A l so ,  226Ra tends t o  be more so luble  than 
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INTRODUCTION 

The presence o f  plutonium i n  s o i l s  near the Rocky F l a t s  p lant  has been 
well documented (l, 2, 3, 4, 
describe the plutonium d i s t r i bu t i on  i n  the surface waters and sediments i n  the 
Rocky F l a t s  v i c i n i t y  
to  determine the radionucl ide input t o  Great Western Reservoir  (GWR) and Stand- 
l e y  Lake (SL) during the operation of the Rocky F l a t s  p lant  
that t h i s  study measure the concentrations o f  Pu, Am and other radionucl ides 
i n  waters and sediments o f  these reservo i r s ,  t h e i r  i n l e t s ,  and associated water 
treatment p lants  t o  determine (1) the quantity and o r i g i n  of rad ioact i v i ty  
i n  the Great Western Reservo i r  and Standley Lake systems, (2) when the accumu- 
l a t i on  o f  rad ioact i v i ty  had occurred, and (3) t o  what degree the rad ioact i v i ty  
had moved through the aqueous environs. 

However, l i t t l e  data are ava i lab le  which 

A study was conducted between Apr i l  29 t o  May 3, 1974, 

I t  was proposed 

SAMPLING METHODS 

Samples o f  water and sediments were co l lected i n  M a y  of 1974 A l a rge  
volume water sampler was used t o  co l l ec t  samples from i n l e t  streams t o  Great 
Western Reservoir  (see Figure 1 , Table 1) Sampling s i t e s  were located a t  the 
A-3 pond, B-4 pond, and the l a n d f i l l  pond which dra in  in to  Walnut Creek, South 
Walnut Creek and North Walnut Creek, respect ive ly  Sampling was a l s o  conducted 
on Walnut Creek a t  the Indiana Street  cu lver t  I n  addit ion,  Great Western 
Reservoir  and Standley Lake waters and san i tary  waters from the water treat- 
ment plants  f o r  the c i t i e s  o f  Broomfield and Westminster were sampled 
water sampler used i n  this study passes water through ten para l le l  f i l t e r s  
(pore s i z e  equivalent to  0 5 urn) followed by passage through anion, cat ion  and 
aluminurr oxide sorpt ion  beds Th is  sampling technique has several d i s t i n c t  
advantages over conventional grab sampling methods 1 ) i t a1 lows f o r  sampling 
extremely l a rge  volumes o f  water (up t o  2000 11 ter s )  which great ly  enhances 
the s e n s i t i v i t y  for  measuring u l t ratrace quant i t ies  o f  radionucl ides,  2) it 
assures the removal o f  e s sen t i a l l y  a l l  chemical forms o f  the radionucl ides 
which are present i n  the waterways, and 3) it permits the determination o f  the 
part icu late  ( 1  e , the greater than 0 5 urn fract ion),  an ion ic  (o r  negatively 
charged spec ies) ,  cat ion ic  (o r  po s i t i ve l y  charged spec ies) ,  and nonionic 
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fractions (or uncharged species o f  the various radionuclides i n  the water) 
This characterization i s  very important i n  understanding the behavior, fate 
and ava i l ab i l i t y  o f  radionuclides i n  the aquatic environment Anionic forms 
of  radionuclides are much more mobile i n  aquatic environs compared to cationic 
forms o f  the same radionuclides Anionic forms a l s o  are more d i f f i cu l t  to  
remove i n  water treatment plants 

c 
P 
f 

Depending upon the turbidity o f  the water, up to  2000 l iters o f  water 

were processed Standley Lake, Great Western Reservoir, and especially the 
creeks which drain into Great Western Reservoi r, contained appreci ab1 e sus- 
pended loads, and plugging o f  the f i l t e r s  l imited the volume o f  water which 
could be pumped through the samplers 

Sediment samples were collected from Great Western Reservoir, Standley 
Lake, and from a sedimentation bank consisting of deposits of filter-backwash 
material from the Broomfield water treatment plant (see Figures 2-4, Table 2). 
Surface sediments were collected from a boat using a 12-inch by 12-inch Wildro- 
Eckman (Wildl i fe Supply Company, Saginaw, Michigan) dredge and using the top 
2 inches o f  sediment fo r  analyses 
6-inch diameter gravity coring device which i s  capable o f  sampling sediments 
t o  depths of 24 inches 
of the sediments o r  migration o f  the radioact iv ity,  and to thus enhance the 
integrity o f  the core 
s l i ce s  to determine depth pro f i le s  f o r  the various radionuclides 

Core samples were obtained using PNL's 

Core samples were immediately frozen to prevent mixing 

The cores were subsequently sectioned into 2-inch thick 

we1 1 
s amp 

by a 

ANALYTICAL METHODS 

Samples o f  f i l t e r s ,  ion exchange res in s ,  sediments, and water were packaged 

i n  a standard geometry configuration and the gama-ray emi tti ng radionuclides 
were determined by measuring i n  a Ge(L1)-NaI(T1) coincidence-anticoincidence 
gamma-ray spectrometer This h i  gh-sensi ti v i  ty gamma-ray spectrometer stores 
coincident and s ing le  events i n  separate halves o f  the memory The NaI(T1) 

crystal i n  which the Ge(Li) detector i s  inserted w i l l  accept environmental 
e s i zes  up to 1 1 l i t e r  volume 

The concentration o f  the separated plutonium radionuclides was measured 
Environmental samples were spiked with 242Pu tracer pha energy analys is  

2 



and dr ied 
due was dr ied and fused with Na2C03 The fused s a l t s  were d i s so lved i n  ac id  
and combined with the ac id  leachate. The combined so lut ion  was converted to  

8M - HNO, and the plutonium adsorbed on a Dowex 1, 50-100 mesh NO3' form anion 
exchange column The plutonium was eluted by reducing to  Pu+, with an HC1-HI 
ac id  mixture N i t r i c  acid was added to  the eluate and evaporated to  dryness 

The residue was d i s so lved i n  n i t r i c  acid, the plutonium oxidized i n  P u + ~  with 
NO2- and evaporated to  dryness 
ac id  and passed through a Dowex 1, 50-100 mesh, C1' form anion r e s i n  column 
Plutonium was eluted by reducing t o  P u + ~  with a HC1-HI mixture The eluate 
was evaporated to  dryness, dissolved i n  su l fu r i c  ac id  and electroplated 
rad1 ochemi cal y i e l d  was determined by the recovery of 242Pu tracer 

The samples were then leached with a HNO,-HCl so lu t ion  The res i -  

The residue was d i s so lved i n  hydrochloric 

The 

The concentration of 24rAm i n  sediments and water samples was determined 
by us ing the described anticoincidence shielded Ge(Li) diode This instrument 
lowers the background and Compton interference by an order o f  magnitude as com- 
pared t o  conventional Ge(Li) diodes o f  the same s i z e  
levels  could have been attained by chemical separation o f  the 241Am followed 
by alpha energy ana ly s i s ,  but the cost  o f  such analyses was proh ib i t ive  

Much lower detection 

ANALYTICAL RESULTS 

The rad1 onucl i de measurements from water samples associated w i  th the 
drainage systems o f  Great Western Reservoir are shown i n  Tables 5 through 13 
and cons i s t  of samples taken from A-3 pond, 8-4 pond, a l a nd f i l l  pond, the 
i n l e t  t o  Great Western Reservoir  (Walnut Creek), Great Western Reservoir (near 
dam s i t e ) ,  and san i tary  water from the Broomfield water treatment plant The 
radionuclide measurements i n  surface sediments and core samples col lected 7n 
Great Western Reservoir are shown i n  Tables 14 through 32 and cons i s t  o f  sam- 
ples taken a t  Great Western Reservoir and a t  the Broomfield water treatment 
plant fi 1 ter-backwash pond The radionucl ide measurements from surface sed1 - 
ments and core samples from Standley Lake are shown i n  Tables 33 through 36 
Water samples associated with Standley Lake are shown i n  Tables 37 and 38 and 
cons i s t  o f  samples taken a t  Standley Lake near the dam s i t e  and Westminster 

water treatment plant Summaries o f  radionuclide concentrations i n  surface 
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waters normalized to  137Cs concentrations are shown i n  Table 3 ,  and compari- 

sons of our 2 39 - 240P~  and 24lAm with previously reported data are shown i n  
Table 4 

DISCUSSION 

Surface Waters 

Radionuclide concentrations i n  surface waters which dra in  through the 
Rocky F l a t s  area were extremely low, and frequently near detection limits 
This  sampling was conducted during a period i n  which f a l l o u t  from nuclear 
weapons test ingreached i t s  lowest point s ince the ear l y  1960 's  Nevertheless, 
ultratrace quantit ies  o f  a number o f  f i s s i o n  products and transuranic radio- 
nucl ides were detectable in  surface waters and in  Broomfield city tap water 
(see Tables 5-13 and Tables 37 and 39) However, there i s  no evidence that 
these f i s s i o n  products or ig inated from the Rocky F l a t s  Plant,  s ince the i r  
re1 at1  ve concentrations are i ndi s t i  ngui shabl e from fa1  1 out. 

The dr ink ing  waters o f  the c i t i e s  o f  Broomfield (derives water from Great 
Western Reservoir) and Westminster (derives water from Standley Lake) were 
analyzed to  determine i f  Pu and Am were present 
o r  241Am (<O 1 dpmla) could be detected i n  Westminster tap water 
amounts of 239-24OPu were detectable i n  Broomfield tap water, 0 0022 dpmla 
being i n  a soluble species and 0.00029 dpmla being i n  a part icu late  form 
Americium-241 concentrations were detectable only i n  the part icu late  phase, a t  
a concentration o f  0 007 dpmla. The 239-240Pu concentrations i n  Broomfield 
tap water are 500 times lower than that reported i n  Radiation Data Reports( l )  
f o r  the 1971 year ly  average, and are 15 times lower than measurements made 

i n  1969-70 by Poet and Martell(3) (see Table 4) 
Reports,(l)  a 239-240Pu concentration of 0 89 dpmla was reported as a year ly  
average f o r  Westminster tap water. The value reported i n  RDR i s  about 3000 
times higher than the " l e s s  than" concentrations measured i n  t h i s  study 
sampling and analyses methods were not described i n  the studies reported i n  
RDR(l) and Poet and Martell  ,(3) so no comparison can be made with the 
methods described here However, 1600 11 te r s  and 2000 11 ter s  , respecti  vely , 
o f  Broomfield and Westminster tap waters were sampled i n  t h i s  study 

No 239-240Pu (<0.0003 dpmla) 
Ultra-trace 

A lso  i n  Radiation Data 

The 

The 
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part iculate and soluble forms o f  239-24OPu (and other radionuclides) were 
removed and concentrated on fi 1 ter s  , re s i n s  and act1 vated a1 umi num 0x1 de 
adsorbents during the sampl i ng process , so hand1 i ng , storage and contamination 

problems were greatly minimized 
care afforded by t h i s  large-volume sampling technique have provided the most 
accurate u l t ratrace measurements o f  239-240Pu ever made i n  these tap waters 

I t  i s  f e l t  that the extreme s en s i t i v i t y  and 

The 239-240Pu concentrations which were measured i n  Broomfield tap water 
(0 0025 dpmla tota l  239-24oPu) and Westminster tap water (<0.0003 dpmla tota l  
239-24OPu) were 1 5 x 106 and 1.2 x 107 times, respectively,  below the max- 
imum permissible concentration i n  waters applicable to  exposure o f  the gen- 
eral publ ic,  which i s  3667 dpmla (3) These concentrations are a l s o  13,300 
and 110,000 times lower, respectively,  then the EPA National Inter im Primary 
Dr inking Water Regulations f o r  total  long-lived alpha ac t i v i t y  (exclus ive o f  
radon and uranium) which i s  33 dpmla ( O)  Whereas the RDR( report showed 
that Standley Lake water and Westminster tap water contained about the same 
239-240Pu concentrations, the data here show that a t  l ea s t  a 10-fold reduction 
o f  the 239-240Pu leve l s  occurs during the water treatment process This  i s  
accomplished pr imari ly  by removal o f  the part iculate forms o f  239-24OPu 

The sampling method used i n  t h i s  study part i t ions  the radionuclides in to  
part iculate,  cat ionic,  anionic and nonionic chemical forms Such information 
on the chemical forms i s  useful i n  assess ing the environmental behavior and 
fate o f  rad1 onucli des i n aquatic envi ronments 
Lake appears to  be predominantly associated with the part iculate matter 
majority o f  the 239-240Pu i n  Broomfield tap water i s  i n  a soluble anionic 
form The 7Be, gsZr-gsNb, 141Ce, 144Ce and 241Am were usual ly  associated 
with the suspended part iculates,  whereas the 4 0 K ,  103-106Ru, 12'+Sb and 226Ra 
were predominantly present a s  soluble species 
unique behavior, being present i n  anionic, cat ion ic  and nonionic forms. 
chemistry of ruthenium i s  complex, and numerous chemical forms are known to  
simultaneously e x i s t  i n  natural waters 
the Broomfield and Westminster water works the cat ion ic  lO6Ru i s  e f f i c i en t l y  
removed, but the anionic 106Ru is only s l i g h t l y  reduced i n  concentration 
i s  interest ing to note that about 60% of the f i l terable  Pu i n  Broomfield tap 
water was col lected by the anion r e s i n  

P1 utonium-239-240 i n Standley 

The 

The soluble 103-106Ru shows a 
The 

During the water treatment process a t  

I t  
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I n  some o f  the surface waters, a small f ract ion  (5-30%) o f  the 40K  and/or 

137Cs was co l lected by e i ther  the anion r e s i n  o r  Al,O,, and i n  the Broomfield 
tap water as much as 69% o f  the 137Cs was co l lected on the Al,O, The most 

p laus ib le  explanation f o r  this anomaly could be the presence o f  negatively 
charged co l l o i d s  which contain adsorbed rad ioact i v i ty ,  and which may have a 
h igh  a f f i n i t y  f o r  the anion r e s i n  o r  act ivated aluminum oxide 

Sedi ments 

Great Western Reservo i r  

Great Western Reservo i r  sampling locat ions  are shown i n  Figure 2 

perimeter o f  the reservo i r ,  except f o r  the deep eastern end, appears to  be 
rather well scoured o f  f ine-grain sediments The near-shoreline s ta t ions  B-5, 
D-1, D-2, D-5 and E-4 were characterized by gravel o r  par t ia l  rock bottoms 
and no sediment cores could be obtained a t  these locat ions  The bottom o f  the 
western h a l f  o f  the reservo i r ,  and a l s o  near the center, contained a l ayer  o f  
f locculent sediments several i nches th ick  which over1 ay a hard, compact c lay  

layer,  bel ieved t o  be the o r i g i na l  bottom of the reservo i r  The compact c lay  
bottoms o f  these cores had undetectable amounts of 137Cs, which suggests pene- 
t ra t ion  o f  the cor ing  device in to  the o r i g i na l  c lay  bottom where no f a l l o u t  
137Cs had reached (see Tables 26 and 28) 

reservo i r ,  a t  Stat ions  A-2, A-3 and 8-3, up t o  16-22 inches o f  fine-textured, 
s o f t  sediments overlay the compact c lay  bottom layer  
o f  20 t o  24 inches i n  length were collected, the bottom several inches con- 
ta in ing  the o r i g i na l  hard c l ay  bottom of the reservo i r ,  
t ra t ions  i n  the compact c lay  bottom o f  these cores ind icate  that penetration 

through the sediments deposited s ince the dam was constructed i n  1955 was 
achieved. 
cores, sedimentation rates  f o r  var ious locat ions  i n  the reservo i r  could be 
estimated and are shown i n  F igure  9 Sedimentation rates  i n  the eastern end 
o f  the reservo i r  appear t o  range from about 0 82 t o  1 45 incher per year,  and 
i n  the center o f  the reservo i r  range from about 0 1 t o  0 46 inches per year 
Sedimentation rates  around the perimeter of the reservo i r  appear to  be l e s s  

than 0 1 inches per year 

The 

I n  the deep eastern end o f  the 

At  these locat ions  cores 

The low 137Cs concen- 

Based on these observations and us ing  137Cs t o  age date the deep 
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The distribution o f  40K,  137Cs,  226Ra and 2 4 1 A m  i n  surface sediments 
of  the reservoir are shown i n  Figures 5 to  8 
226Ra and 241Am are two- to  threefold higher i n  the sediments located i n  the 
center o f  the reservoir compared t o  the sediments accumulating around the 
perimeter o f  the reservoir 
reservoir,  resulting i n  a dilution o f  the contaminated sediments by the i n p u t  

of  re1 a t i  vely uncontaminated clay soi 1 
reservoir sediments are typical of the fal lout background levels observed a t  
other locations i n  the United States (5, 6 9  7 9  8, 

The concentrations o f  137Cs ,  

This may be due to  erosion o f  the edges o f  the 

The 37Cs  concentrations i n the 

I t  should be pointed out that the radionuclide concentrations i n  the sur- 
face g r a b  samples do not exactly correspond w i t h  the concentrations measured i n  

the t o p  2 inches o f  the gravity cores,  especially a t  stations along Transect A 
We believe t h a t  th i s  i s  due to  small differences i n  distance (tens o f  fee t )  
between the actual locations where the grabs and core samples were taken The 
reservoir bank a t  the eastern end i s  steep 
the side o f  this bank could be obtained, i t  was necessary t o  back o f f  toward 
the center of  the reservoir several tens of feet I t  was subsequently found 
from the sediment data that radionuclide Concentrations decrease i n  the near- 
shore sediments compared t o  those i n  the middle o f  the reservoir,  and i t  i s  
believed that this  i s  the reason for the observed differences between surface 
grabs and the tops of the gravity cores 

studies reported i n  Radiation Data Reports(1) and by Poet and M c ~ r t e l l ( ~ )  i s  
shown i n  Table 4 The average 2 3 9 - 2 4 0 P u  concentrations i n  surface sediments 
measured here were 3 2 and 25 times higher, respectively, t h a n  t h a t  reported 
i n  RDR(’) and by Poet and Martell ,(3) while the average *41Am concentrations 
are 30 times higher than that  reported by Poet and Martell (3) Since the 
distribution o f  radioactivity i n  the reservoir shows low levels near the shore- 
1 1  ne, the samples analyzed i n  the RDR report and by Poet and Martel 1 may have 
been obtained near the shore Such samples do not give a representative pic- 
ture o f  the areal and depth distribution of radionuclides i n  the reservoir 

So that deep gravity cores along 

A comparison o f  the 2 3 9 - 2 4 0 P u  and 241Am data i n  this  report w i t h  e a r l i e r  

In Figure 10 the depth distribution o f  the 137Cs  i n  several cores 7s 
I t  has been demonstrated by other investigators (5,  6, plotted 8, that 

7 

I 

t 

, I  



137Cs can be used t o  age date certa in  tyRes of sediment cores, and that the sub- 
surface maxima are due t o  abnormally high l eve l s  o f  f a l l ou t  137Cs which had 
been deposited i n  1963 
t i c l e s  and becomes a t racer  o f  sediment deposition 
s ion  o r  chemical exchange o f  the attached 137Cs has been shown to  be pract i ca l l y  
neg l i g ib le  
mentation rate  i s  f a i r l y  constant and of the appropriate magnitude t o  be 

compatible with the 30-year ha l f - l i fe  o f  137Cs  

optimum fo r  Great Western Reservoir, and the 137Cs depth p ro f i l e  i n  F igure 10 
can be age dated with the 137Cs maxima corresponding to  sediments l a i d  down 
i n  1963 

Cesium-137 becomes st rong ly  attached t o  sediment par- 
Post-deposi t ional  diffu-  

Thus, 137Cs  can be used to  age data sediment cores i f  the sedi- 

These conditions appear t o  be 

The d i s t r ibut ion  o f  239-240Pu i n  the A-2 core i s  shown i n  Figure 11, with 
the age vs depth sca le  on the r i g h t  margin 
239-24OPu depth d i s t r ibut ion  may be ident i f ied  
occurs a t  a depth o f  6 inches, and corresponds to  sediments deposited between 
1968 and 1969 
corresponds t o  sediments deposited around 1959 

Two subsurface maxima i n  the 
The la rger  239-24OPu maxima 

The smaller maxima occurs a t  a depth o f  16 inches, and 

A s imi la r  dating procedure may be done for the 241Am d i s t r ibut ion  observed 
i n  the A-2, A-3, and B-3 cores (cf Tables 20, 21, 2 2 ,  23, 25, and 26) because 
o f  the re la t i ve  constancy o f  the plutonium to americium r a t i o  

i n  the 1968 to  1969 period but shows the secondary peaks to  range from 1959 
to  1964 

(Pu/Am = 3 3 k 
79 i n  the A-2 core) Th is  ana ly s i s  l ikewise indicates a primary maximum 

These transuranic sediment d i s t r ibut ions  i n  Great Western Reservoir are 
thought t o  be pr imari ly  associated with controlled, recorded waterborne re- 

leases from the plant but the secondary (ear ly  1960's) maximum w i l l  a l so  have 
a component from worldwide weapons test ing  (9) 

The amount o f  239-24OPu incorporated i n  Great Western Reservoir sedi- 
ments i n  excess o f  that derived from fa l lout  can be estimated by d iv id ing  the 
r a t i o  o f  239-240Pu/137Cs i n  the sediments by the 239-240Pu'/137Cs r a t i o  i n  
fa l lout  
a t  about 0 01 s ince the ear ly  1960's 
Ca l i forn ia  s o i l s  (top cm) and i n  Columbia River sediment cores upstream from 

The 239-24oPu/137Cs r a t i o  i n  fa1 lout  has been reasonably constant 
The 239-240Pu/137Cs r a t i o s  i n  Sacramento, 
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the Hanford project were 0.013 and 0 012, respectively,  and are thus not much 
different than the f a l l ou t  r a t i o  
surface sediments o f  Great Western Reservoir  was 2 75. 
plutonium contribution t o  the surface sediments from Rocky F la t s  averaged 
about 275 times that  contributed from fa l l ou t  
plutonium contribution re l a t i ve  to  that derived from fa l l ou t  i n  the subsur- 

face sediments i n  the A-2 core ranged from about 260 a t  the surface t o  80 a t  
a depth o f  12 inches 

The average 239-240Pu/137Cs r a t i o  i n  
Thus, the apparent 

The apparent Rocky F l a t s  

The inventory o f  239-24oPu i n  Great Western Reservoir  sediments can be 
estimated as follows 
nium ac t i v i t y  and sediment thickness (see Figures 12 and 13) 
deepest layer  o f  sediments (40 to  50 an) containing the highest  plutonium activ- 
ity, and i s  located a t  the eastern end of the reservo i r  
approximately 3 times la rger  i n  area than Zone A and o f  intermediate sediment 
thickness (estimated to  average about 20 cm deep) and plutonium ac t i v i t y ,  and 
extends to  the west from Zone A 
was estimated t o  be about 5 dpm/g, and was obtained by us ing a s l i g h t l y  lower 
plutonium concentration than the average surface value, which was 6 dpm/g 
This reasoning was used s ince the average 239-240Pu concentration i n  Core A-2 

(0-50 cm) was 75% lower than the surface plutonium concentration i n  the core 
Only surface plutonium concentrations were measured i n  Zone B Zone C i s  the 
remaining area o f  the reservo i r  which i s  Characterized by a th in  deposit o f  
sediments (estimated to average about 5 cm deep) of re la t i ve ly  low ac t i v i t y  
The average plutonium ac t i v i t y  i n  t h i s  area i s  the most d i f f i cu l t  to  estimate, 
since only one 239-240Pu measurement was made 
concentrations i n  the sediments from the shallow areas represented by Zone C 
are 1/3 to 1/2 o f  the concentrations i n  the center and east end o f  the reser- 
vo i r ,  a plutonium concentration o f  about 1/3 to  1/2 o f  the maximum surface 
concentrations i n  the east end was estimated and 3 dpm/g was used 
l a t i on  us ing  these considerations may then be made 

the reservo i r  can be div ided in to  three zones o f  pluto- 
Zone A i s  the 

Zone B i s  a region 

The average 239-240Pu ac t i v i t y  i n  Zone B 

Since the 137Cs and 241Am 

A tabu- 
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E s t  Avg 239-240Pu Avg 
Surface Sed 1 men t Sed i men t Sediment 

Area (m2) Depth (m) Vol W t  ( g ) *  
Zone A 45,000 0 5  2 3 x 1 0  3 2 x 1010 9 
Zone 6 120,000 0.2 2.4 x 10’0 3 4 x 1 O l o  5 
Zone C 400,000 0 05 2.0 x 10’0 2 8 x 1010 3 

*Assuming a bulk density o f  1.4 g/cm3 f o r  the sediments 

Upon mult ip ly ing  the sediment masses (9) by the average 239-240Pu concentra- 
t ions  i n  each zone, these three sediment zones contain the fol lowing estimated 
inventor ies  of 239-24OPu 

This  i s  a 
typical  value f o r  f i n e  grained lake and r i v e r  sediments 

Zone A 
Zone 6 
Zone C 

mC i 
29 x l o L o  131 
17 x 1O1O 77 

36 

- dpm 

- a x 1010  

Total 54 x 1010 244 

Thus, a tota l  of approximately 244 mCi (or  3 9 g) o f  239-240Pu i s  present 
i n  the reservo i r  sediments 
sediment deposits a t  the east  end of the reservo i r  which represent only about 
8% o f  the total  surface area o f  the reservo i r  

Over 50% of this inventory i s  located i n  the deep 

The average 2‘+1Am/239-240P~ r a t i  o i n surface and subsurface sediments 
i s  about 0 30 
i s  a l s o  present i n  the reservo i r  

Thus, an 241Am inventory of about (244 mCi) (O 30) = 73 mCi 

Two 18-inch sediment cores were col lected from a sedimentation bank con- 
s i s t i n g  o f  deposits of filter-backwash material (alum floc) from the Broomfield 
water treatment p lant  (see Table 2 and Figure 4) 

o f  these cores (see Tables 2, 31 32, and Figure 4) showed l3’Cs and 241Am 

concentrations which were typ ica l  of the surface sediments i n  Great Western 
Reservoir  The 239-240Pu concentration i n these cores, based on extrapol a- 
t ions  from the 241Am/239-240Pu r a t i o  i n  the reservo i r  sediments, was est i -  
mated to  average 4 5 dpm/g This  sedimentary material appeared to  cons i s t  
pr imar i ly  o f  processed alum f loc  S ince the radionuclide concentrations i n  
t h i s  material were s im i l a r  t o  those observed i n  surface sediments o f  the 

The radionuclide analyses 
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reservoir,  it would indicate that scavenging by the alum f loc  o f  soluble forms 
or very smal 1 suspended particles (containing relatively h i g h  concentrations 
of adsorbed radionuclides) was occurring dur ing  the water treatment process 

Stand1 ey Lake 

Although Standley Lake is  about four times larger than Great Western 
Reservoir, the sedimentation characterist ics  of the two water bodies appear to 
be quite similar 
i n  the deep water a t  the eastern end o f  the lake adjacent to the dam A t  th is  
location (SL-5G) a 17-inch long gravity core was obtained which showed a 
137Cs depth distribution quite similar to  those observed a t  stations A-2, 
A-3 and 8-3 a t  Great Western Reservoir A sedimentation rate o f  about 1 0 
inches/year was estimated for  this area of relatively fast sediment deposition. 
The western 2 /3  of the lake has a sediment bottom characterized by a 1 -  to  
6-inch layer of flocculent sediments which overlay a layer o f  hard, compact 
clay which appears to be the original lake bottom 

The area o f  h i g h  sedimentation i n  Standley Lake i s  located 

The average 2 3 9 - 2 4 0 P u  concentation i n  Standley Lake surface sediments 
was 0 49 dpm/g, which i s  about 16 times lower than i n  Great Western Reservoir 
(see Table 3 )  The 2 4 1 ~  concentrations were near the detection l imit  o f  the 
direct counting method used, b u t  an average concentration of 0 28 5 14 dpm/g 
was measured i n  four samples. Based on the relative sizes and radionuclide 
contents o f  Standley Lake and Great Western Reservoir, it i s  estimated that 
the 2 3 9 - 2 4 0 P u  and 241Am inventories i n  Standley Lake are about 1/4 o f  those 
i n  Great Western Reservoir, or about 61 mCi of 2 3 9 - 2 4 0 P u  and 18 m C i  o f  241Am 
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Table 1 

LARGE VOLUME WATER SAMPLES 

L o c a t i o n  

Wes t n u n s t e r  C i t y  
Water Supply  

S t a n d l e y  Lake  

Broomf i ' e l d  C 1  t y  
Water S u p p l y  

Great W e s t e r n  
Res ervo 1 I: 

Walnut C r e e k  & 
I n l e t  t o  GWR 

B-4 Pond 

24-3 Pond 

North Walnut Creek 
Below Rocky Flats 
L a n d f  111 

Volume Sampled 
Date ( l i t e rs )  

4-29-74 2 0 0 6  

4-29-74 

4-30-74 

7 1 0  

1665; 1 5 1 4  

4-30-74 2 9 7 ,  2 1 2  

4-30-74 7 0 . 8 ,  5 8 . 3  

4- 30- 74 

5-01-74 

5 -01-74  

15 3 

9 7 . 4  

1 3 6  

No. o f  
Samples 

1 

1 

2 

2 

2 

1 

1 

1 
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T a b l e  2 

SEDIMENT CORES 

- Great Western Reservoir and S t a n d l e y  L a k e  

S t a t i o n  

A- 1 
A- 2 

A- 3 
A- 4 

B- 3 

c-2 
c-3 

e - 4  
E-4 

*HC-1 

*He-2 
**SL-5 

Core L e n g t h  
( i n c h e s  ) 

8 
24  

20 
6 

20  
6 
6 

10 
6 

18 
18 
20 

* B r o o m f i e l d  Water T r e a t m e n t  P l a n t  E f f l u e n t  
B a s i n  

* * S t a n d l e y  L a k e  
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Figure 10 Depth Distribution of137Cs in Great Western 
Reservoir Sediments 
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